This paper aims to reduce the dimensionality in fingerprint algorithm and achieve the optimal positioning accuracy at the minimal cost. For these purposes, the piecewise feature of iBeacon signal transmission was taken as the filtering factor of fingerprint positioning and adopted to filter the received signal strength indices (RSSIs) collected in real time. Then, the related fingerprints were filtered into fragments for subsequent online matching. After that, the indoor space-scene was divided into passage and hall, and the relevant constraint factor and data structure were discussed for fingerprint indexing. On this basis, the author proposed a novel method to optimize fingerprint positioning considering RSSI filtering and space-scene constraints. The experiments on an office space-scene reveal that the proposed method achieved the same result as the traditional one using 88% shorter matching time. This research provides an efficient and accuracy way of fingerprint positioning.
INTRODUCTION
Fingerprint positioning generally consists of such three steps as grid partitioning, offline collection and online matching [1] . Specifically, the grid partitioning can be expressed as grid i ={(x, y)} (1-1) with i being the grid number and the tuple (x, y) being the coordinates of each grid; the offline collection can be expressed as a chain of received signal strength indices (RSSI) of the acquired fingerprints: fingerprint=(RSSI 1 ,RSSI 2 ,…, RSSI n ) (1-2). Among various online matching methods, the uncertainty matching is a relatively simple approach [1] . By this method, the Euclidean distance between real-time RSSI and fingerprint is calculated, and then the fingerprint corresponding to the minimum distance is selected according to min( ), = √∑ ( − ) 2
=1
(1-3) with FP i being fingerprints. Below is a brief review of relevant studies on fingerprint positioning.
Reference [2] suggests that a high accuracy can be achieved with only a few grids, but the limited number of grids may increase the workload of fingerprint collection, sorting and maintenance. Reference [3] proposes a partitioning strategy considering pedestrian features and applies it to divide an indoor space into reachable and unreachable areas with a few grids. Reference [4] develops a time-saving online matching method by indexing the known sample points and restricting the search area. Reference [5] discovers the length inconsistency between fingerprints collected in real-time and those in the library and attributes the disparity to the interference of indoor environment and the power attenuation or damage of sensors. To overcome the problem, References [6, 7] filter the fingerprint length via piecewise fitting and prove the validity of the filtering method.
This paper aims to reduce the dimensionality in fingerprint algorithm and achieve the optimal positioning accuracy at the minimal cost. For these purposes, the fingerprint positioning method was discussed in details considering piecewise filtering and space-scene constraints [8] and subjected to accuracy and complexity verification through the case study.
RSSI PIECEWISE FILTER

RSSI piecewise filtering factor
Out of iBeacon signal transmission features, the piecewise feature was taken as the filtering factor of fingerprint positioning : (1) the factor is an RSSI at a division point; (2) the factor is used as a filter when it is necessary to select an RSS (beacon) as the parameter of the positioning algorithm; (3) the RSSIs between zero and the factor value can be trusted. [7] 2.2 Role of the filtering factor minimum RSSI variation. The RSSI filtering algorithm, the RSSIs after mean filtering, and the selected RSSIs are presented in Table 1, Table 2 and Table 3 , respectively. 
SPACE-SCENE CONSTRAINTS
Space-scene classification
The indoor space-scene was divided into passage and hall ( Figure 1 ) by the classification standard for the reachable and the unreachable, after analysing the pedestrians and positioning requirements in offices, shopping malls, museums, etc. 
Passage constraint
The passage space-scene was not constrained by the commonly used central line. Firstly, the author proposed a data structure called double-link-list (DLL) to index fingerprints ( Figure 2 ). The DLL can be expressed as:
where cur is the current fingerprint; FP is the value of the current fingerprint; front is the previous fingerprint; next is the next fingerprint; grid are the coordinates of the current fingerprint.
Figure 2. Structure of the DLL
The traversal depth of the DLL represents the constraint on the reduction of matching time. If the pedestrian speed is 2m/s, the traversal depth will be 2 with the grid radius of 1m. This principle of the DLL is illustrated in Figure 3 . Figure 4) was defined for the indexing of fingerprints in the hall space-scene: ALL=(cur, FP, front, next, left, right, grid) (3-2) where cur is the current fingerprint; FP is the value of the current fingerprint; front is the previous fingerprint; next is the next fingerprint; left is the left fingerprint; right is the right fingerprint; grid are the coordinates of the current fingerprint.
Inspired by Reference [3] , the ALL algorithm was constructed as Figure 5 .
FINGERPRINT POSITIONING CONSIDERING RSSI PIECEWISE FILTERING AND SPACE-SCENE
Structure of the proposed positioning method
According to the steps of fingerprint positioning, the proposed positioning method was divided into three parts, namely, grid partitioning, offline collection and online matching. According to Figure 6 , the proposed method involves the following steps: (1) The real-time RSSI was filtered by algorithm 2-1 using the three optimal beacon nodes, because it has been proved repeatedly that the fingerprint fragments obtained with 3 beacons are the same with those obtained with all beacons in the k-nearest neighbours (KNN) matching. (2) The target space-scene was segmented through feature analysis on special motion constraints like direction and speed at the current position and the assessment of the pre-position. (3) The fingerprint was filtered by piecewise factor into fragments as step (1) . (4) The optimal coordinates were outputted, and the error between the real-time RSSI in step (1) and the fingerprint in steps (2, 3) was computed by the KNN.
Filtering of fingerprint fragments
The nature of filtering is to reduce the length of each fingerprint. When the real-time RSSI was filtered by piecewise factor, the fingerprint should also be filtered by the algorithm in Table 4 .1 for further use. 
CASE STUDY
Overview
As shown in Figure 7 , the study area is an 8.9m-long, 3.8m-wide hall space-scene. The industrial iBeacon was selected as the reference beacon. The senor deployment is shown in Table  5 . 
Experimental design
The experiment was carried out five times at points 2, 7, 9 and 10 in Figure 7 . In each time, the RSSI data were collected in real time for 3min at the frequency of 300ms. In this way, over ten thousand RSSI values were acquired originally, which could reduce the effect of singular value on the positioning result.
And according to Figure 6 , the experimental procedure is as follows: (1) Select a test point from Figure 7 and determine its coordinates; carry out five positioning experiments; in each experiment, collect the RSSI data in real time for 3min at the frequency of 300ms and conduct mean filtering of the data. (2) Execute algorithm 2-2 and filter the RSSI data by the filtering Factor. (3) Determine the optimal transversal depth according to the constraint of the space-scene (hall). (4) Output the optimal coordinates and compute the error by the KNN.
Experimental results
The collected fingerprints are listed in Table 6 , and the realtime RSSIs are recorded in Table 7 . Table 8 shows the filtering results of real-time RSSIs by algorithm 2-2. It can be seen that the RSSIs no smaller than the filtering factor (-77dBm) were taken as the positioning parameters. Here, the k value of the KNN is set to 3. The KNNfiltered fingerprint corresponding to the first test point is also given in Table 8 . Table 9 presents the fingerprint pre-selected by algorithm 3-2 under the ALL constraint and the traversal depth of 1, and the KNN-filtered fingerprint corresponding to the first test point.
The fingerprint derived from the minimum values in Table  9 is shown in Table 10 . 
Results analysis
The positioning result of the traditional fingerprint positioning algorithm is displayed in Table 11 and compared with that of the proposed method in Table 12 . The results in the above tables demonstrate that the proposed algorithm achieved the same result as the traditional algorithm but saved 88% of matching time. Thus, the proposed algorithm is an efficient and accuracy way of fingerprint positioning.
CONCLUSIONS
This paper proposes a fingerprint positioning algorithm with piecewise filtering factor and pedestrian scene features as the optimization parameters. The proposed algorithm was validated through a case study on an office scene, revealing that it could reduce the matching time by 88%. Suffice it to say that the proposed algorithm is an efficient and accuracy way of fingerprint positioning. In future research, the space-scene will be further categorized to yield more accurate positioning constraints, and the proposed method will be applied to more positioning cases.
